Aim: To evaluate the prevalence of Sleep Apnea---Hypopnea Syndrome (SAHS) in patients who were admitted with Acute Coronary Syndrome (ACS) to the Coronary Care Unit (CCU) and the clinical predictors of SAHS in patients with ACS and to compare the results of the simple sleep test (SST) with polysomnography (PSG). Methods: This was a prospective study that included patients who were admitted to the CCU with ACS, which was confirmed by coronary angiography. Demographic and anthropometric data, cardiovascular risk factors and measures on the Epworth Sleepiness Scale were collected. The SST was conducted with the ApneaLink TM device during hospitalization or after discharge. Patients with an apnea---hypopnea index (AHI) ≥10/h were invited to participate in PSG. Results: Ninety-one patients with ACS were consecutively included over 4 months. Of the 58 patients who completed the study 43 (74.1%) were male. The mean age was 61.7 ± 12.2 years, and the mean body mass index was 27.4 ± 3.5 kg/m 2 . The median time for SST performance was 17.5 days. This study was compatible with SAHS in 25 cases (43.1%). Patients who had an AHI ≥10/h in the SST were submitted to PSG and SST simultaneously. The median interval between the ACS and the execution of PSG was 30 days. PSG confirmed that all the cases detected by SST were positive. Conclusion: In our study, we found a high prevalence of SAHS in patients who were admitted to the CCU with ACS (43.1%). These results support the need for SAHS screening in patients who are hospitalized with ACS. The SST may have a role in the screening of SAHS in this population.
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Introduction
Sleep Apnea---Hypopnea Syndrome (SAHS) is a significant public health problem because of its high prevalence and its association with hypersomnia, motor vehicle accidents, cardiovascular morbidity, cognitive disorders, anxiety, depression and metabolic abnormalities.
1,2 Young et al. observed an SAHS prevalence of 2---4% in the adult population. 3 However, recent studies indicate that 3.7---26% of the population has an apnea---hypopnea index (AHI) that is greater than 5 events per hour. 1 If we consider an AHI >5/h and the presence of hypersomnia to be joint indicators of SAHS, the estimated prevalence of SAHS is 1.2---7.5%. 1 Ischemic heart disease, including Acute Coronary Syndrome (ACS), is also a serious problem due to its high prevalence, associated complications and mortality. Several studies have demonstrated an independent association between SAHS and ACS, which suggests that SAHS should be considered a risk factor in patients with ACS. 4 ---6 The changes that are observed in SAHS, particularly the intermittent hypoxemia, acidosis and sympathetic vasoconstriction, may lead to hemodynamic stress, which is particularly important in patients with coronary heart disease and can cause myocardial ischemia or nocturnal angina. 6 ---9 Most patients with SAHS remain undiagnosed and untreated 10---12 ; this is particularly important in patients with cardiovascular disease whose SAHS treatment is associated with a decrease in the occurrence of new cardiovascular events. 13 The aim of this study was to evaluate the prevalence of SAHS in patients with ACS, determine the clinical predictive factors of SAHS and compare the correlation of the AHI that is obtained by a simplified sleep study device (SSD) with the AHI that is obtained by polysomnography (PSG).
Methods

Sample
This was a prospective study of 91 consecutive patients who were admitted with ACS to the Coronary Intensive Care Unit (CICU) of our hospital between May and August 2009 with a lesion that was demonstrated by angiography.
The exclusion criteria were as follows: non-resident in the reference area of the hospital, a previous diagnosis of SAHS, confused state, the ingestion of sedatives in the previous 24 h, hemodynamic instability, requiring oxygen therapy and patients who refused to participate in the study.
Permission was obtained from the Hospital Ethics Committee in accordance with the Declaration of Helsinki, and signed informed consent was obtained from the patients before the study.
Study design
The following information was collected: demographics, drug habits, sleep habits, comorbidities, medication, symptoms that were suggestive of SAHS, the Epworth Sleepiness Scale (ESS), clinical data and the timing of acute coronary events, physical exam and anthropometric measurements.
Patients who met the inclusion criteria underwent a sleep study using the SSD ApneaLink TM (ResMed Corporation, Poway, California) as the first step. The ApneaLink TM (AL) has two sensors, a flow nasal cannula and oximetry, which provide information on four variables: respiratory flow, snoring, oxygen saturation and heart rate. The data that are collected by AL can be analyzed automatically using dedicated software (version 8) or manually to obtain an AHI and other parameters. The scoring of the collected data by AL was performed automatically using software and manually by the same physician who did not know the results of the automatic scoring.
Apnea was defined as a decrease of 90% of the signal flow for at least 10 s. Hypopnea was defined as a reduction in nasal flow ≥30% from baseline for at least 10 s that was accompanied by oxygen desaturation ≥4%. Studies with less than 5 h of registration were excluded. Validation studies of the AL show that this device has good sensitivity and specificity for AHI ≥10/h in PSG of 82.1% and 83.9%, respectively. 12, 14, 15 Therefore, AL was considered positive when AHI ≥10/h.
Patients with AHI ≥10/h using AL by manual scoring were selected to undergo PSG and AL simultaneously. During the study, the nasal cannula was connected to a ''Y'' connector, allowing for the simultaneous recording of nasal airflow in the AL and the PSG. A PSG was performed in a sleep laboratory using an Embla ® N7000 (Embla Systems, Broomfield, CO, USA), and the following physiological variables were recorded: 6-channel electroencephalography, electrooculography, electromyography at the chin and anterior tibia, electrocardiography, thermistor and nasal cannula, bands for thoracic and abdominal effort (i.e., inductance plethysmography), microphone, body position, oximetry, heart rate and video. The scoring of the PSG was performed manually without the investigator having prior knowledge of the results of the AL or patient information, as recommended by the American Academy of Sleep Medicine (AASM) (2007). 16 The SAHS was defined according to the criteria of the International Classification of Sleep Disorders (ICSD-2), which was proposed by AASM. 17 SAHS was diagnosed if AHI was between 5 and 14.9/h as measured by PSG and patients had at least one of the symptoms, such as snoring, fatigue, daytime sleepiness and apnea observed during sleep, or if individuals had an AHI ≥15/h regardless of whether they had any additional symptoms.
Statistical analysis
All variables were tested for normal distribution using a frequency histogram and the Kolmogorov---Smirnov test. The difference between two means was determined using Student's t-test or the Welch test. When the variables had a normal distribution, Student's t-test was used, and if the variables did not have a normal distribution, the Welch test was performed. Proportions and categorical variables were analyzed using the Chi-square test or Fisher's exact test when appropriate. Differences were statistically significant at a p value <0.05. A correlation analysis was performed using the Pearson correlation coefficient and the intra-class correlation coefficient. The Bland---Altman plot is a graphical representation of the observed differences between the two Table 1 Demographic features, prevalence and comorbidities of the 58 patients that were included in the study.
Results
Demographic features
Age ( techniques (PSG and AL) compared with its average; therefore, results with small differences in the average show little systematic bias. The data were statistically analyzed using the MedCalc ® software (version 9.3, Mariakerke, Belgium).
Results
The study population consisted of 91 patients with ACS who were admitted to the CICU during a period of 4 months. Thirty-three patients were excluded: 24 did not live in the reference area of the hospital, 7 refused to participate in the study, 1 died a few hours after admission, and 1 patient had a previous diagnosis of SAHS, so 58 patients were included in the final analysis. Most of the patients were male (74%). The mean age was 61.7 years, and the mean body mass index (BMI) was 27.4 kg/m 2 . The patient characteristics are described in Table 1 .
Twenty-eight patients (48.3%) performed the study with AL during hospitalization, and 30 patients (51.7%) participated after discharge, the median interval between the ACS and the performance of the AL was 4 and 17.5 days, respectively. Based on data from the AL study, 43.1% of the patients had an AHI ≥10/h, 27.6% had an AHI ≥15/h, and 12.1% had an AHI ≥30/h (Table 1 and Fig. 1 ).
Patients were divided into two groups according to the results of the AL (AHI < 10/h versus AHI ≥10/h) and anthropometric data, and clinical features and clinical histories were compared. Statistically significant differences were observed between the two groups in various variables: obesity; neck, waist and hip circumferences; Mallampati classification; history of witnessed apneas and nocturia; and ESS and a history of ischemic heart disease ( Table 2 ). In 48% of the patients with AHI ≥10/h, the cardiac symptoms started during the night (p = 0.009), and in most of these patients, the ECG registration did not have a ST elevation (p = 0.043).
Of the 25 patients with AHI ≥10/h in the AL, 3 refused to undergo the PSG and AL simultaneously. From the ACS, the median time to perform the PSG was 30 days. The PSG confirmed the positivity of all cases of SAHS that were detected by AL. A comparison between the AHI results that were obtained with the first AL and the PSG showed that 14 patients (24.1%) had changed their classification of SAHS after the conclusion of the PSG (Fig. 2) . Six patients were classified with mild AL after the conclusion of the PSG, 5 patients were classified as moderate, and 1 patient was severe. Five patients who were initially classified as moderate became severe after PSG. Three patients were classified as less severe after PSG: 1 patient was classified as moderate and after PSG, this patient was categorized as mild; 2 patients who were classified initially as severe were mod- A Bland---Altman plot of the data showed a reasonable distribution of the differences between the AHI from PSG and AL that were performed simultaneously (Fig. 3) . Compared to PSG, the AL device undervalued the AHI score by an average of 6.3 events/h, and this underevaluation occurred mainly for AHI values >30/h.
The AL data showed a very good correlation with AHI results from PSG with a Pearson correlation coefficient of 0.91 (0.79---0.96) and an intra-class correlation of 0.93 (0.82---0.97).
According to the definition of the AASM, 16 all of the patients who underwent PSG satisfied the criteria for SAHS. As a result, some patients voluntarily started treatment with autoCPAP (19 patients) or Servo-Ventilation (2 patients) as indicated.
Discussion
In our study, we detected a high prevalence of SAHS (43.1%) in patients who were admitted to a CICU with ACS, and 27.6% were classified as moderate or severe using AL. The PSG confirmed the positivity of all of the cases that were detected by the AL. Our results are consistent with previous studies that describe an association between SAHS and coronary heart disease. 4, 6, 7, 18, 19 A study performed in another Portuguese hospital found a prevalence of SAHS in 65.9% of patients, 22 .7% of which were severe. 20 Most of the patients who were admitted in the CICU with ACS were male, with a mean age of 61.7 years and a mean BMI of 27.4 kg/m 2 , which is in contrast to the higher prevalence of obese patients that is observed in SAHS. These patients had a high prevalence of hypertension and dyslipidemia.
About half of these patients performed the SSD with AL during hospitalization (during the acute phase), and the other patients performed the study after discharge at home (during a stable phase). This procedure was performed to avoid possible bias due to medication that is administered on admission, differing degrees of cardiac dysfunction during the acute phase that could lead to central events or a poor quality of sleep that is secondary to stress or to the incessant activity of the intensive care unit.
A comparison of the two groups of patients (AHI < 10/h versus AHI ≥ 10/h) showed that a greater number of patients with SAHS were obese, with higher cervical, abdominal and hip circumferences, and more patients were classified as Mallampati III---IV. These are typical features of a patient with SAHS.
The group of patients with SAHS had nocturia in addition to witnessed apneas in greater proportions than patients without SAHS, which are two common symptoms of this disease. Although some patients had witnessed apneas, they had not consulted their physician, which reflects the limited information that is available to the population about this symptom.
It should be noted that, although patients with SAHS had a higher mean value in the ESS than patients without SAHS, this value was lower than the reference value for excessive sleepiness (ESS ≥ 10). Therefore, this value does not seem to be a determining factor in the diagnosis of SAHS in these patients. The limitations of ESS are known, with patients sometimes underestimating their sleepiness, and the existence of patients with severe SAHS without excessive sleepiness is controversial. 21 Therefore, higher values in anthropometric data, class III or IV in Mallampati classification, a history of nocturia or witnessed apneas can suggest the presence of SAHS. However, the absence of these data does not preclude SAHS.
The group of patients with SAHS had a higher number of previous episodes of ischemic heart disease (e.g., angina, myocardial infarction), which could be explained by a greater vulnerability of patients with coronary disease to intermittent hypoxemia and sympathetic activation. In patients with SAHS, recurrent apneas and hypopneas are associated with desaturations and arousals that are followed by sympathetic activation, which in turn causes an increase in heart rate and systolic blood pressure. Tachycardia and systolic blood pressure elevation increase myocardial oxygen consumption, which may be compromised in patients with coronary artery disease. 4, 9, 13 Moreover, chronic intermittent hypoxia induces inflammatory mediators, oxidative stress and endothelial dysfunction that lead to atherosclerosis. 8, 22 Almost half of the patients had their onset of ACS symptoms at night, which is consistent with the results that have been obtained in other studies. 8, 18, 5 In the general population, the onset of ACS is between 6 and 11 h, but in patients with SAHS, the onset occurs predominantly between 22 and 6 h. This observation suggests that SAHS may precipitate ACS at night by the mechanisms described above and that SCA can contribute to a predisposition for nocturnal sudden cardiac death that is observed in patients with SAHS. 9, 23, 24 However, a relationship between the severity and the extent of the coronary disease (e.g., the number of vessels affected) seen on angiography and the presence of SAHS was not detected. The most frequent electrocardiographic alteration was non-ST elevation, which may be associated with an increase in myocardial oxygen consumption after an apnea, when the oxyhemoglobin saturation is at the lowest, due to an increase in blood pressure and heart rate. 7, 5 Central respiratory events and brief episodes of Cheyne---Stokes breathing were frequently detected and were significant in 2 patients, although patients had a good ejection fraction on average.
The time between the ACS and PSG was reasonable and avoided some possible bias that could have changed the results, including changes in lifestyle that could lead to weight loss or changes in smoking or alcohol habits.
A comparison of the AHI in the simultaneous PSG and AL showed a good correlation, which confirmed the reliability of this device that has been observed in other studies. 12, 14, 15 Patients with obstructive Sleep Apnea Syndrome (OSAS) were offered therapeutic procedures, such as hygienicdietetic measures that are consensual in OSAS and CPAP. Because the OSAS treatment in patients with ACS reduced cardiovascular risk, which was defined as cardiovascular death, ACS, hospitalizations for heart failure or the need of coronary revascularization. However, the time to the occurrence of these events is longer. 9,13,25---27 The main limitation of this study was the relatively small sample size that was used because of the exclusion of a large number of patients that did not live in Algarve, particularly a large number of tourists that would not have allowed for a follow-up and conclusion in the study.
One enigmatic point is the possibility that the number of respiratory events that were detected initially decreases with time, which has been suggested in a study conducted in Greece 28 ; in this study, the authors concluded that there was a high prevalence of SAHS during the acute phase of ACS (54%), and this prevalence decreased 6 months after ACS and persisted in 21% of the patients, which indicates that this abnormality may be transient. Possible reasons for this decrease in prevalence are the use of certain drugs (e.g., narcotic analgesics and hypnotic/anxiolytic agents) that may affect breathing while asleep, the fact that patients are more likely to lie supine in the CCU and acute cardiovascular pathology which may result in abnormal breathing during sleep with a tendency to central apnea events. 6 However, more studies are necessary to confirm this hypothesis.
Conclusion
In summary, our findings show a high prevalence of SAHS in patients with ACS. Considering the high prevalence of SAHS in patients with ACS, it seems justified to include a sleep study in the research protocol of these patients. Although PSG is the gold standard diagnostic test, it is impossible to perform this procedure in all of these patients due to limited health-care resources and the long-term delay for performance. Considering the good correlation between the SSD with ApneaLink TM and PSG and the easy use and low cost of these devices, they could be useful as a first line diagnostic in collaboration with the Sleep outpatient clinic. In the context of ACS, these factors should be investigated and treated with other cardiovascular risk factors, such as hypertension, diabetes, smoking and dyslipidemia, and the diagnosis and treatment of SAHS may be important in the secondary prevention of new cardiovascular events.
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